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(54) REFRIGERATION CYCLE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure stabilized 
operation over a long term by arranging a 
noncondensable gas capturing mechanism in a 
refrigeration cycle employing hydrocarbon of specified 
carbon number containing no halogen atom as 
refrigerant. 

SOLUTION: The refrigeration cycle comprises a Ar. 
refrigeration compressor 1, a condenser 2, an expansion 
mechanism 3, e.g. a capillary, an evaporator 4, and piping 
5 for coupling them. Hydrocarbon of 2C-4C, e.g. ethane, 
propane or butane, containing no halogen atom is 
employed as refrigerant. Furthermore, a noncondensable 
gas capturing mechanism 7 is disposed in the branch 
pipe 5a of a refrigeration cycle in order to minimize 
pressure loss thereof. The mechanism 7 captures 
hydrogen principally and employs a hydrogen occlusion 
alloy having no adverse effect on the refrigeration cycle. 
A hydrogen occlusion allay having high hydrogen 
emission temperature is optimally employed because 
hydrogen is not emitted during refrigeration cycle operation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The refrigerating cycle characterized by coming to allot a non-condensable gas 
prehension device into the refrigerating cycle which used as the refrigerant the hydrocarbon of 
the carbon numbers 2-4 which do not contain a halogen atom. 

[Claim 2] The refrigerating cycle according to claim 1 characterized by said non-condensable gas 
prehension device containing a hydrogen storing metal alloy. 

[Claim 3] The refrigerating cycle according to claim 2 characterized by the hydrogen desorption 
temperature of said hydrogen storing metal alloy being higher than a discharge temperature. 
[Claim 4] The refrigerating cycle according to claim 3 characterized by the hydrogen desorption 
temperature of said hydrogen storing metal alloy being 150 degrees C or more. 
[Claim 5] A refrigerating cycle given in claim 2 thru/or any of 4 they are. [ which is characterized 
by said hydrogen storing metal alloy being a magnesium system alloy ] 

[Claim 6] The refrigerating cycle according to claim 1 characterized by said non-condensable gas 
prehension device containing a zeolite with a pole diameter of 0.5nm or more. 
[Claim 7] A refrigerating cycle given in claim 1 thru/or any of 6 they are. [ which is characterized 
by installing said non-condensable gas prehension device into the branch pipe of a refrigerating 
cycle ] 

[Claim 8] It is the refrigerating cycle characterized by a hydrocarbon coming to allot the non- 
condensable gas separation mechanism which it does not pass [ separation mechanism ] but 
passes hydrogen, and CO and C02 into the refrigerating cycle which used as the refrigerant the 
hydrocarbon of the carbon numbers 2-4 which do not contain a halogen atom. 
[Claim 9] The refrigerating cycle according to claim 8 characterized by using the polyimide film 
as said non-condensable gas separation mechanism. 

[Claim 10] The refrigerating cycle according to claim 8 or 9 characterized by installing said non- 
condensable gas separation mechanism in from a condenser outlet before an evaporator inlet 
port. 

[Claim 1 1] A refrigerating cycle given in claim 1 thru/or any of 10 they are. [ which is 
characterized by using carbonate system refrigerating machine oil as said refrigerating machine 
oil ] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the refrigerating cycle mainly used for an air 

conditioner, an air dryer, refrigeration equipment, etc. 

[0002] 

[Description of the Prior Art] In the frozen air conditioner which compresses and uses 
refrigerants, such as an air-conditioning machine, a refrigerator, and a showcase, the 
hydrocarbon which contains a fluorine atom conventionally has been used as a refrigerant. 
Although the hydrocarbons which contain a chlorine atom especially in addition to a fluorine 
atom have been used for years as a refrigerant with sufficient incombustibility and the sufficient 
engine performance, although this CFG (chlorofluorocarbon) and HCFC(s) 

(hydrochlorofluorocarbon) have the chlorine atom therefore, they are emitted to atmospheric air, 
and since it became clear to destroy an ozone layer when the stratosphere had been arrived at, 
that use is forbidden or restricted globally in recent years. Although HFC (hydro fluorocarbon) 
which does not contain a chlorine atom instead of these is being used, although not had, since 
the life in the inside of atmospheric air is long, the property which destroys an ozone layer has 
large greenhouse effect, and when preventing the global warming which has been a problem in 
recent years, it cannot necessarily be said as a satisfactory refrigerant, the frozen air 
conditioner using the hydrocarbon which is markedly alike and does not contain a small halogen 
atom if it compares with the hydrocarbons in which ozone modulus of rupture is zero, and a 
global warming potential also contains a halogen atom instead of the hydrocarbons containing the 
above-mentioned halogen atom, although it is strong inflammability as a refrigerant is put in 
practical use in part as a refrigerator, and the possibility of still more large-sized device 
development is being examined. By the way, in the refrigerating cycle using the hydrocarbons 
containing the conventional halogen atom, mineral oil, polyalkylene glycol oil, a polyol-ester oil, a 
polyvinyl ether oil, etc. are used as refrigerating machine oil. These refrigerating machine oil is 
disassembled by the elevated temperature of the sliding section in a compressor, and it is known 
that non-condensable gas, such as methane and ethane, will occur (JP.7-294065,A etc.). In order 
to remove this non-condensable gas, in JP,7-294065,A etc., arranging the filter which filled the 
adsorbent from which non-condensable gas, such as moisture, methane, and air, is removed in a 
refrigerating cycle is indicated. Moreover, as an approach of removing non-condensable gas from 
a refrigerant, when a refrigerant is made to liquefy in JP,8-303909.A etc., performing operation 
which removes a gas from a liquid is indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] In the refrigerating cycle using a hydrocarbon system 
refrigerant, there is a trouble that hydrogen mainly occurs, as a result of radical generating by 
the pyrolysis of a hydrocarbon system refrigerant etc. Hydrogen increases the input of a 
refrigerating cycle as non-condensable gas, and has the technical problem that it finally results 



JP-A-H 11 -248298 



Page 4 



in 'the non-cold. This invention aims at offering the refrigerant compression equation refrigerating 
cycle containing the hydrocarbon system refrigerant of the carbon numbers 2-4 which do not 
contain the halogen atom which can operate much more stably over a long period of time. 
[0004] 

[Means for Solving the Problem] A passage according to claim 1 , the refrigerating cycle of this 
invention is a refrigerating cycle characterized by coming to allot a non-condensable gas 
prehension device into the refrigerating cycle which used as the refrigerant the hydrocarbon of 
the carbon numbers 2-4 which do not contain a halogen atom so that it may solve said technical 
problem. Moreover, a refrigerating cycle according to claim 2 is a refrigerating cycle 
characterized by said non-condensable gas prehension device containing a hydrogen storing 
metal alloy in said refrigerating cycle according to claim 1. Moreover, a refrigerating cycle 
according to claim 3 is a refrigerating cycle characterized by the hydrogen desorption 
temperature of said hydrogen storing metal alloy being higher than a discharge temperature in 
said refrigerating cycle according to claim 2. Moreover, a refrigerating cycle according to claim 4 
is a refrigerating cycle characterized by the hydrogen desorption temperature of said hydrogen 
storing metal alloy being 1 50 degrees C or more in said refrigerating cycle according to claim 3. 
Moreover, a refrigerating cycle according to claim 5 is a refrigerating cycle characterized by said 
hydrogen storing metal alloy being a magnesium system alloy in a refrigerating cycle given in any 
[ said claim 2 thru/or ] of 4 they are. Moreover, a refrigerating cycle according to claim 6 is a 
refrigerating cycle characterized by said non-condensable gas prehension device containing a 
zeolite with a pole diameter of 0.5nm or more in said refrigerating cycle according to claim 1. 
Moreover, a refrigerating cycle according to claim 7 is a refrigerating cycle characterized by 
installing said non-condensable gas prehension device into the branch pipe of a refrigerating 
cycle in a refrigerating cycle given in any [ said claim 1 thru/or ] of 6 they are. Moreover, it is 
the refrigerating cycle characterized by a hydrocarbon coming to allot the non-condensable gas 
separation mechanism which it does not pass [ separation mechanism ] but passes hydrogen, 
and CO and C02 into the refrigerating cycle which used as the refrigerant the hydrocarbon of 
carbon numbers 2-4 with which a refrigerating cycle according to claim 8 does not contain a 
halogen atom. Moreover, a refrigerating cycle according to claim 9 is a refrigerating cycle 
characterized by using the polyimide film as said non-condensable gas separation mechanism in 
said refrigerating cycle according to claim 8. Moreover, a refrigerating cycle according to claim 
10 is a refrigerating cycle characterized by installing said non-condensable gas separation 
mechanism in from a condenser outlet before an evaporator inlet port in said refrigerating cycle 
according to claim 8 or 9. Moreover, a refrigerating cycle according to claim 1 1 is a refrigerating 
cycle characterized by using carbonate system refrigerating machine oil as said refrigerating 
machine oil in a refrigerating cycle given in any [ said claim 1 thru/or ] of 10 they are. 
[0005] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using drawing. The gestalt of the operation explained below is the configuration of having added 
one of the special features of (a) non-condensable gas prehension device which lists at a degree 
the hydrocarbon of the carbon numbers 2-4 which do not contain a halogen atom into a 
refrigerating cycle in the refrigerant compression equation refrigerating cycle included as a 
refrigerant, and (b) non-condensable gas separation mechanism. It can make it indispensable to 
use the hydrocarbon of the carbon numbers 2-4 which do not contain a halogen atom as said 
refrigerant, and ethane, a propane, butane, etc. can be used. 

[0006] The (a) type first mentioned above is explained using drawing. Drawing 1 is the whole 
refrigerating cycle block diagram. A refrigerating cycle consists of expansion devices 3, such as 
the frozen compressor 1, a condenser 2, and a capillary, an evaporator 4, and piping 5 that 
connects these further, as shown in drawing 1 . Moreover, it has a four way valve 6, and the 
passage of an actuation medium can be converted and the function of a condenser 2 and an 
evaporator 4 can be made to exchange by this change-over. 

[0007] (a) Arrange the non-condensable gas prehension device 7 in a refrigerating cycle in the 
refrigerating cycle of a type. By installing into branch pipe 5a of a refrigerating cycle, as shown in 
drawing 1 , the non-condensable gas prehension device 7 can make pressure loss of a 
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refrigerating cycle min. Although what kind of thing is sufficient as it as long as this non- 
condensable gas prehension device 7 does not have a bad influence on a refrigerating cycle by 
the device which can mainly catch hydrogen, its engine performance which catches hydrogen is 
[ using a hydrogen storing metal alloy ] highly desirable. Moreover, CO and C02 which are non- 
condensable gas In order to remove, it is optimal to use a zeolite with a pole diameter of 0.5nm 
or more in which the adsorption engine performance does not deteriorate with moisture. Thus, it 
becomes possible to remove the non-condensable gas which has a bad influence on a 
refrigerating cycle by using a hydrogen storing metal alloy and a zeolite, and the dependability 
which is a refrigerating cycle improves. 

[0008] What has hydrogen desorption temperature high as a hydrogen storing metal alloy is the 
optimal, without emitting hydrogen during refrigerating cycle operation. That is, it is desirable to 
have hydrogen desorption temperature higher than a compressor discharge temperature with the 
highest coolant temperature within a refrigerating cycle. It is optimal that hydrogen desorption 
temperature is more specifically with a hydrogen storing metal alloy 1 50 degrees C or more. 
There are magnesium system hydrogen storing metal, alloys, such as magnesium, a magnesium 
nickel alloy, a magnesium calcium alloy, and a magnesium copper alloy, to fulfill such conditions. 
These can carry out occlusion of about 5% of the weight of the hydrogen of a self-weight. As a 
non-condensable gas removal device, occlusion of the about [ 1g ] hydrogen can be carried out 
by using about 20g of hydrogen storing metal alloys. This is equivalent to 0.5 mols of hydrogen, 
and can carry out occlusion of the 1 1I. gas hydrogen in ordinary temperature ordinary pressure. 
Thus, the dependability of a refrigerating cycle can be raised by removing the hydrogen produced 
by refrigerant decomposition. 

[0009] Next, the case of the (b) type mentioned above is explained, (b) About a type, as shown in 
drawing 2 , in a refrigerating cycle, it does not pass but the hydrocarbon of carbon numbers 2-4 
can be realized by arranging hydrogen and the non-condensable gas separation mechanism 8 
which passes CO and C02. As for the non-condensable gas separation mechanism 8 which 
divides this refrigerant and non-condensable gas, it is simple to use a demarcation membrane, 
and it is desirable. Non-condensable gas, such as hydrogen, and CO, C02, can be emitted into 
atmospheric air from the inside of a refrigerating cycle by using PTFE, polyimide, etc. as a 
demarcation membrane. As a result, the non-condensable gas concentration in a refrigerating 
cycle can decrease, and the dependability of a refrigerating cycle can be raised. 
[0010] Since pressure loss is made as for incorporating branch pipe 5a as shown in drawing 3 
into a refrigerating cycle to min, this non-condensable gas separation mechanism 8 is desirable. 
In drawing 3 , the demarcation membrane 9 is supported by the demarcation membrane pressor 
foot 10 at the end of branch pipe 5a. An about 100-micrometer thick film is sufficient as this 
demarcation membrane 9. Non-condensable gas is emitted by the concentration difference of 
internal and external non-condensable gas out of a refrigerating cycle at the time of a halt. 
[0011] Since said non-condensable gas separation mechanism 8 is not exposed to a high- 
pressure refrigerant by installing in from condenser 2 outlet before evaporator 4 inlet port and 
can remove a nonoondensing gas, it is the optimal. Since migration takes place with the partial 
pressure difference of the internal and external purpose gas in separation by the film, and 
degradation of a demarcation membrane is only urged to the pressure by the refrigerant which 
does not penetrate the film, its dependability of the removal device of non-condensable gas 
improves by installing in a part for the depression of a refrigerating cycle. 
[0012] In addition, although a compatible oil with refrigerants, such as mineral oil and an 
alkylbenzene oil, and phase separation oils, such as a polycarbonate oil, can be used as 
refrigerating machine oil with the gestalt of this operation illustrated as the aforementioned (a) 
type and a (b) type, since using a polycarbonate oil can make the amount of refrigerants min and 
it can minimize generating of non-condensable gas, it is desirable. In addition, when a 
polycarbonate oil is used, they are CO and C02. Although it generates, they can be emitted out 
of a refrigerating cycle by non-condensable gas demarcation membranes, such as removal or 
polyimide, by non-condensable gas removal devices, such as a zeolite. 
[0013] 

[Example] Hereafter, a concrete example is given and explained. Change of the yield of non- 
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cdndensable gas and the consumed electric power of an air-conditioner was considered about 
each (a) type and (b) type refrigerating cycle created as mentioned above. Here, as a non- 
condensable gas separation mechanism, the polyimide demarcation membrane was used, 
respectively, using a magnesium-calcium system hydrogen storing metal alloy and a zeolite with 
a pole diameter of 1 .Onm as a non-condensable gas prehension device. Moreover, using 
polycarbonate 200g which has the molecular structure of (** 1) as refrigerating machine oil, it 
enclosed with refrigerant R290 (propane) 350g, and the refrigerating cycle using a scrolling 
compressor was created. 
[0014] 
[Formula 1] 




[0015] In addition, the refrigerating cycle which has neither a non-condensable gas prehension 
device nor a non-condensable gas removal device like a non-condensable gas separation 
mechanism as an example of a comparison here was also created to coincidence, and 
comparison examination was performed. Analysis of non-condensable gas samples a gaseous 
phase after shutdown, and is a gas chromatograph (TCD detector use). It analyzed. The 
concentration of the sum total of non-condensable gas (hydrogen, a carbon monoxide, carbon 
dioxide) is 500 or less volppms after 3000-hour operation in what has the non-condensable gas 
prehension device by which it is characterized [ of this invention ], or a non-condensable gas 
removal device like a non-condensable gas separation mechanism, and the upward tendency was 
not looked at by consumed electric power. On the other hand, in the refrigerating cycle without 
these non-condensable gas removal devices, the sum total of non-condensable gas amounted to 
16000 ppm after 3000-hour operation, and consumed electric power also increased from 
immediately after the start up, and increased 7% after 3000-hour operation. Thus, in the example 
of this invention, there was little stagnation into the system of non-condensable gas, and 
increase of consumed electric power was not seen, either. 
[0016] 

[Effect of the Invention] As mentioned above, since the non-condensable gas in a refrigerating 
cycle is removable by allotting a non-condensable gas prehension device into a refrigerating 
cycle in the refrigerating cycle which used as the refrigerant the hydrocarbon of the carbon 
numbers 2-4 which do not contain a halogen atom according to this invention, improvement in 
the dependability of a refrigerating cycle can be aimed at. Moreover, since a non-condensable 
gas prehension device can carry out occlusion removal of the hydrogen produced by disassembly 
of the hydrocarbon of carbon numbers 2-4 by including a hydrogen storing metal alloy efficiently, 
it can aim at improvement in the dependability of a refrigerating cycle. Moreover, since CO and 
C02 which are non-condensable gas can be removed without starting the degradation by 
moisture when a non-condensable gas prehension device contains a zeolite with a pole diameter 
of 0.5nm or more, improvement in the dependability of a refrigerating cycle can be aimed at. 
Moreover, since removal of non-condensable gas can be performed pressing down the pressure 
loss of a refrigerating cycle to the minimum by installing a non-condensable gas prehension 
device into the branch pipe of a refrigerating cycle, improvement in dependability of a 
refrigerating cycle can be aimed at. Moreover, in a refrigerating cycle, since a hydrocarbon can 
remove non-condensable gas from the inside of a refrigerating cycle by preparing the non- 
condensable gas separation mechanism which it does not pass [ separation mechanism ] but 
passes hydrogen. CO, and C02, it can aim at improvement in dependability of a refrigerating 
cycle. Moreover, by installing a non-condensable gas separation mechanism in from a condenser 
outlet before an evaporator inlet port, the dependability of a non-condensable gas separation 
mechanism can improve, and improvement in dependability of a refrigerating cycle can be aimed 
at. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the refrigerating cycle whole block diagram equipped with the non-condensable 
gas removal device which is the gestalt of 1 operation of this invention refrigerating cycle. 
[Drawing 2] It is the refrigerating cycle whole block diagram equipped with the non-condensable 
gas separation mechanism which is the gestalt of other operations of this invention refrigerating 
cycle. 

[Drawing 3] It is the sectional view showing the condition of having prepared the non- 
condensable gas separation mechanism of drawing 2 in the branch pipe of a refrigerating cycle. 
[Description of Notations] 

1 Frozen Compressor 

2 Condenser 

3 Expansion Device 

4 Evaporator 

5 Piping 

5a branch pipe 

6 Four Way Valve 

7 Non-condensable Gas Prehension Device 

8 Non-condensable Gas Separation Mechanism 

9 Non-condensable Gas Demarcation Membrane 

10 Non-condensable Gas Demarcation Membrane Pressor Foot 
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9it^i^m5 a©*^(C^iStMW^ 1 0-C3tff 

C©^5-itJg9»ioo/xmSS©/»ll-C«t>^j:t>. 
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©■c»5oovoippmijiT-c& «5 « mwmt}M<icmammt 
i^raaiEfaic»i6oooppin{c»u. wmm^m^m^^ 
'pu < . ?gam;^ja©i«:^ 6 njaAi -J /c 

[0016] 

[J%H^©^I|] Ji(±©J:^tc. :4:^B^^cJ;n{f>'^ay> 
il^^^* Jjcl^K^^ 2 6 4 ©i^^b^^^^^iegi b 40 

*i14»f*?:l^*-r^c<h7!»i-c#€>©-CJ^}«lJ-'('i';P©ff 
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^©r^^^-y- -/ ji/©ff !ffi14©f6]±^0^ c i 
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mm^Ku * T©ra(ci$g-r s c i tc j; 0 ^^jawtt^^* 
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[02] :^mmi^mv- a )\^<Dm>mmr>mBrc^ 

[03] 02 ©^Ni8iiSi4^i*^Iitm1«%^fe«•t^ a^)\^ 
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